Hepatocellular carcinoma (HCC) remains difficult to diagnose at an early stage. Aldo-keto reductase family 1 member B10 (AKR1B10) is an oxidoreductase that is upregulated in some chronic liver diseases. The aim of this study was to use immunohistochemistry to evaluate the expression of AKR1B10 in liver tissue from patients with HCC of different stages.
Background
Despite improved screening methods for the detection of hepatocellular carcinoma (HCC), most cases are still diagnosed at an advanced stage and are associated with intrahepatic or extra-hepatic metastases. HCC has a high patient mortality rate and is currently ranked as the third most common cause of cancer-related mortality, after lung cancer and gastric cancer [1] . There are several known risk factors for HCC, including infection with hepatitis B virus (HBV) and hepatitis C virus (HCV) that are also associated with chronic hepatitis and cirrhosis, which are pathological processes thought to be the underlying causes for HCC.
In China, the majority of cases of HCC (about 80%) are associated with HBV and HCV infection [2] , which continues to rise each year [3] . Surgical resection for HCC is still considered to be an effective primary form of clinical management of early-stage HCC, with a good outcome in most cases. However, because there are limited diagnostic approaches available to detect people at high risk of developing HCC, most patients with HCC present with advanced-stage disease, resulting in less effective treatment options, including surgical resection and liver transplantation and locoregional procedures, including radiofrequency ablation [4] .
In the past decade, published studies have identified serum biomarkers that might have the potential for the early diagnosis of HCC [5] . In particular, serum alpha-fetoprotein (AFP) levels have been shown to be increased in patients with advanced HCC [6, 7] . However, the use of serum AFP levels are unreliable for the detection of early-stage HCC, and normal serum AFP levels can be found in some patients with histologically confirmed HCC [8] . Therefore, the use of serum AFP measurement as the main choice for a screening method for the detection of early-stage HCC has limitations.
Recently, several biomarkers have been investigated as potential candidates for the early detection of HCC and have been included in clinical screening programs, including AFP-L3 and des-gamma-carboxy prothrombin (DCP) [5, [9] [10] [11] [12] [13] [14] . Also, miR-4417, which may function as an oncogene in HCC, has been identified as a potential screening biomarker for HCC [15] . Retinoblastoma-binding protein 2 (RBP2) has been reported to be an independent prognostic factor for disease-free survival (DFS) and overall survival (OS) in patients with HCC [16] . However, each of these potential new diagnostic biomarkers appears to be poorly sensitive for the diagnosis of early-stage HCC. Therefore, there remains a need to identify novel and reliable biomarkers for the detection of early-stage HCC.
Aldo-keto reductase family 1 member B10 (AKR1B10) is an oxidoreductase and a key member of the aldo-keto reductase superfamily that modulates cell growth and survival by regulating lipid synthesis [17, 18] and eliminating carbonyl compounds [19] [20] [21] [22] [23] [24] . AKR1B10 has been shown to be involved in the proliferation and development of tumors through the regulation of the retinoic acid signaling pathway [25, 26] . AKR1B10 is overexpressed in several types of tumor tissues [19] , including tissues containing human HCC [27, 28] . AKR1B10 is mainly expressed in the cytoplasm and can be secreted through a lysosome-mediated non-classical pathway and is regulated by lysosome exocytosis signaling [29] . As a potential independent risk factor for the development of HCC, AKR1B10 can exert its regulatory role in predicting or monitoring the initiation and development of HCC, suggesting that AKR1B10 is involved in molecular signaling pathways leading to HCC, but these pathways remain poorly understood [30] [31] [32] . Increased expression of AKR1B10 in HCC patients has previously been reported to be associated with well-differentiated, or low-grade HCC in liver tissues while HCC patients with low or negative expression of AKR1B10 have previously been reported to have a poorer prognosis when resected liver tumors have been studied [27, 33, 34] . However, the pattern of expression of AKR1B10 in patients with early-stage HCC remains unclear.
Therefore the aim of this study was to use immunohistochemistry to evaluate the expression of AKR1B10 in liver tissue from patients with HCC of different stages, according to the Barcelona Clinic Liver Cancer (BCLC) staging system, together with serum AFP levels, liver function tests, and hepatitis virus serology.
Material and Methods

Patients
Forty-four patients with liver resection specimens containing HCC (35 males and 9 females) were included in the study, who had undergone liver surgery between October 2014 to February 2016 in the Department of Hepatobiliary Surgery, Shengjing Hospital, China Medical University. The study protocol was reviewed and approved by the Intuitional Review Board (IRB) and the Ethics Committee of Shengjing Hospital, China Medical University. Informed consent was obtained from the study participants. The identity of each participant, whose tissue samples and the corresponding medical records were obtained, were coded and later decoded after data analysis was completed.
Eligibility criteria for inclusion in the study included patients with histologically confirmed HCC, diagnosed by two experienced pathologists. The degree of differentiation of HCC (grade) was defined according to the Edmondson-Steiner grading system [35] . The stage of HCC was determined according to the BCLC staging system. The number and size of the HCC tumor nodules and the presence of portal vein invasion were identified by computed tomography (CT) or magnetic resonance imaging (MRI). Pathologic examination confirmed the presence of lymph node metastases. Liver cirrhosis tissues were used as control tissues and were obtained from surgically resected adjacent tissues from 37 patients who underwent hepatectomy for HCC in this study.
Laboratory investigations
The Clinical Laboratory of our hospital tested blood samples all patients included in the study. A range of biochemical tests, including liver function tests, were analyzed and included alanine aminotransferase (ALT), aspartate aminotransferase (AST), albumin, total bilirubin (TBil), prothrombin time (PT) international normalized ratio (INR). Serum hepatitis B virus (HBV) and hepatitis C virus (HCV) viral load was detected by real-time polymerase chain reaction (PCR) using the COBAS AmpliPrep/COBAS TaqMan HBV/HCV Test (version 2.0). Hepatitis B surface antigen (HBsAg), hepatitis B e antigen (HBeAg) and hepatitis C antibody were detected by electrochemiluminescence using the ARCHITECT PLUS i2000. Serum AFP levels were measured by electrochemiluminescence using a Roche E170 immunoassay analyzer.
Immunohistochemistry
The Pathology Department of Shengjing Hospital provided Formalin-fixed, paraffin-embedded (FFPE) tissue sections of HCC and cirrhotic liver. Tissue sections at a thickness of 4 μm were prepared onto glass slides, deparaffinized with xylene, and serial dilutions of alcohol. The tissue sections were processed by heat-induced antigen retrieval using 0.01 mmol/L citrate buffer at pH 6.0 for 20 minutes in a microwave oven. After blocking endogenous peroxidase activity with 0.3% H 2 O 2 , the sections were blocked for nonspecific antibody binding with 5% normal goat serum. The tissue sections were then incubated with the primary rabbit monoclonal antibody against AKR1B10 (ab192856) (Abcam, Cambridge, UK) at a dilution of 1: 500, overnight at 4°C. After washing with phosphate-buffered saline (PBS), the sections were incubated with a biotinylated polyclonal goat anti-rabbit immunoglobulin G (IgG) antibody for 20 minutes at room temperature, followed by incubation with peroxidase-conjugated streptavidin using the UltraSensitive S-P detection kit (KIT-9710, Maxim Biotechnologies, China). The brown chromogen, 3,3'-diaminobenzidine tetrahydrochloride was incubated on the slides for 90 seconds. Following washing, the slides were counterstained with hematoxylin and mounted with glass coverslips. Negative controls were performed by replacing the primary antibody with normal mouse immunoglobin (I8765) (Sigma-Aldrich Biochemicals, USA).
On light microscopy, positive AKR1B10 immunostaining was based on positive cytoplasmic staining. The average integral optical density (IOD) of five randomly selected fields at ×200 magnification was quantitatively assessed by using NIS-Elements BR Analysis 4.50.00 software (Nikon Corporation, Japan).
Statistical analysis
Statistical analysis was performed using the SPSS statistical software version 17.0 (IBM, New York, USA). One-way analysis of variance (ANOVA) and Fisher's exact test were used for statistical analysis, when appropriate. If one-way ANOVA identified a significant difference, a post hoc test was used to determine the difference between the groups. A P-value of <0.05 was considered to be statistically significant.
Results
Patient clinical and laboratory characteristics
The clinical, demographic, and biochemical findings of the 44 patients with resected liver samples containing HCC who were enrolled in this study are summarized in Table 1 . Of the 44 patients in the HCC group, five patients (11.36%) had decreased albumin levels (<35 g/L), three patients had elevated TBil levels (>34 μmol/L), and twenty-nine patients (65.9%) had serum AFP levels of <100 ng/ml. There were 35 patients with HCC (79.6%) who were confirmed to have chronic HBV infection, three patients (6.8%) were confirmed to have chronic HCV infection, and six patients (13.6%) were confirmed to have no infection with hepatitis virus. Three of the 35 patients with HCC and chronic HBV infection were negative for HBV DNA.
Patient imaging findings
On imaging, the mean HCC tumor nodule size was significantly increased in patients with poorly-differentiated HCC (7.1±3.8 cm) (n=19) compared with patients with well-differentiated HCC (4.4±2.4 cm) (n=16), and with moderately-differentiated HCC (3.8±1.7 cm) (n=9) (P<0.05).
Grade and stage of HCC in 44 patients studied
The BCLC staging system and the Edmondson-Steiner grading system were used. Of the 44 patients with HCC, there were 16 patients with well-differentiated HCC, 16 patients with moderately-differentiated HCC, and 9 patients with poorly-differentiated HCC. There were statistically significant associations between the stage of HCC and with the tumor grade (P<0.05). There were 44.4% of patients with poorly-differentiated HCC (4/9), 25.0% of patients with moderately-differentiated HCC Immunohistochemical detection of AKR1B10 expression and serum AFP levels in patients with different grades of HCC Figure 1 shows the immunostaining for AKR1B10 in tissue sections containing HCC and tissue sections containing liver cirrhosis. The AKR1B10 immunostaining was located in the cytoplasm.
The IOD of AKR1B10 immunostaining obtained from different specimens were compared using one-way ANOVA, and the results are shown in Table 2 and Figure 2 . The mean expression levels of AKR1B10 were significantly increased in liver tissue containing moderately-differentiated HCC (255.6±276.8) (n=19) compared with in liver tissue containing well-differentiated HCC (135.4±109.8) (n=16), in liver tissue containing poorly differentiated (33.8±63.4) (n=9), and in liver tissue containing cirrhosis (76.7±82.5) (n=37) (P<0.05) (Figure 2A ). Although the mean expression levels of AKR1B10 were increased in liver tissue containing well-differentiated HCC, the difference between the liver tissue containing well-differentiated HCC, poorly-differentiated HCC, and liver cirrhosis was not statistically significant.
The sensitivity and specificity of tissue expression of AKR1B10 using immunohistochemistry for the diagnosis of grade and stage of HCC were determined by creating a receiver operating characteristic (ROC) curve (Figure 3) . When a cutoff value of 89.5 was used, the sensitivity and specificity of tissue expression of AKR1B10 expression using immunohistochemistry were 52.3% and 73.0%, respectively.
The mean serum AFP levels were increased in patients with poorly-differentiated HCC (2745.8±6303.6 ng/ml) (n=9) compared with patients with well-differentiated HCC (1485.2±4047.9 ng/ml) (n=16), or moderately-differentiated HCC (1582.3±3921.1 ng/ml) (n=18), but these differences did not reach statistical significance (P=0.775) ( Figure 2B ). Of the 44 patients with HCC, 65.9% of patients (29/44) had serum AFP levels lower than 200 ng/ml, which was set as the local diagnostic threshold for the detection of HCC in the clinic.
There was no statistically significant difference between the mean tissue expression levels of AKR1B10 between the HCC tissues and serum AFP levels when <200 ng/ml (193.3±238.6) (n=29) and when ³200 ng/ml (114.7±136.8) (n=15) (P=0.293) ( Figure 2C ). Also, in patients with HCC and an IOD of tissue ARK1B10 >89.5, only 12 patients had serum AFP levels <16 ng/ml, which has been previously reported to be the relative diagnostic threshold of AFP with the highest sensitivity and specificity [36] . This additional study finding added support to the potential clinical value of measuring tissue ARK1B10 levels rather than serum AFP.
Correlation between the HCC tissue expression of AKR1B10 and serum AFP levels with the stage of HCC
The results of the correlation between liver tissue expression of AKR1B10 in patients with HCC and serum AFP levels associated with tumor stage are summarized in Table 3 . Patients with HCC that were in early, intermediate, and advanced stages were selected for further sub-group analysis. Oneway ANOVA analyzed multiple comparisons of mean tissue AKR1B10 and serum AFP levels obtained from patients with HCC at different stages, and the overall difference between the groups was determined, followed by post hoc least significant difference (LSD) analysis. As shown in Figure 4 , there was a statistically significant difference between tumor tissue expression of AKR1B10 and serum AFP levels in a stage-dependent manner. The highest expression levels of AKR1B10 were found in patients with early-stage HCC (219.1±232.8) (n=29), but were reduced in patients with intermediate-stage HCC (124.5±138.5) (n=7) and in patients with advanced-stage HCC (12.6±17.8) (n=8) (P<0.05) ( Figure 4A ). In contrast, the highest serum AFP levels were found in patients with advanced-stage HCC (4097.1±7302.7 ng/ml) (n=8), when compared within patients with early-stage HCC (605.6±2316.1 ng/ml) (n=29) and patients with intermediate-stage HCC (4028.7±5903.4 ng/ml) (n=7) (P<0.05) ( Figure 4B ). These findings, from the present study, showed a difference in expression of AKR1B10 and AFP in the development of HCC and an increase in AKR1B10, but not serum AFP, in early-stage HCC. The findings of this study support that AKR1B10 could be involved in the development of HCC and requires further investigation as a possible diagnostic tissue biomarker for the detection of early-stage HCC.
Discussion
HCC has an insidious onset but rapid progression, leading to a high mortality rate. When first diagnosed, the majority of patients with HCC are already in the advanced stage, often presenting with intrahepatic and extrahepatic metastases. Methods of detecting asymptomatic early-stage HCC are still needed to reduce mortality and improve the prognosis of patients with HCC [37] .
In this study, immunohistochemistry was used to evaluate the expression of AKR1B10 in liver tissue from patients with HCC of different grades and stages, in 44 patients from a single center in China. The findings showed that patients with moderately-differentiated HCC had significantly increased expression of tissue AKR1B10 compared with the patients with poorly-differentiated HCC and liver cirrhosis. A significant increase in the expression of tissue AKR1B10 was detected in patients with early-stage HCC, while serum AFP levels were significantly increased in patients with advanced-stage HCC. serum AFP levels. For high-risk populations, serum AFP levels and liver ultrasonography have recommended every six months as a screening procedure for HCC [38] . However, the effectiveness of this type of screening approach is limited by the relatively low sensitivity and specificity of AFP as a reliable biomarker for identifying early-stage HCC, as for an AFP cutoff value of 16 ng/ml, the sensitivity and specificity for diagnosing HCC have been shown to be between 60-80% and between 70-90%, respectively [36] . However, serum AFP levels have been shown to be negative in between 30-40% of HCC patients, which makes this diagnostic approach less reliable [8] .
In the present study, in 61.4% of HCC patients (27/44), increased tumor tissue expression of ARK1B10 was associated with early-stage HCC, while serum AFP levels was still below its threshold for the diagnosis of HCC. Also, 65.9% of HCC patients (29/44) had mean serum AFP levels <200 ng/ml, which is higher than the optimal diagnostic value. This finding indicates that the expression of AKR1B10 correlated with the development of HCC, and might be a potential biomarker for early detection of HCC.
Previously published studies have shown that AKR1B10 expression is upregulated in liver diseases, including HCC, but its biological significance in molecular and pathological processes in HCC remains poorly understood. The findings of the present study showed that HCC tissue expression of AKR1B10 was significantly increased compared with non-tumor tissue, in this case with liver cirrhosis, and further analysis showed a strong correlation between AKR1B10 and HCC, which is a finding supported by a previously published study [27] . In the present study, a cutoff value for AKR1B10 of 89.5, as determined by the ROC curve in this study, showed a sensitivity and specificity for AKR1B10 at a diagnostic level for HCC could be achieved.
Also, in the present study, the correlation between HCC tissue expression of AKR1B10 and tumor stage using the BCLC staging system, showed a significant increase in tissue AKR1B10 of patients with early-stage and intermediate-stage HCC, but not in advanced-stage HCC. This unique pattern of tissue expression of AKR1B10 is the opposite of that found for serum AFP levels, which increase with tumor stage in patients with HCC. These findings indicate that there might be a close relationship between the expression of ARK1B10 and the early development of HCC.
However, previously published studies have shown that the expression of hepatic AKR1B10 is upregulated in patients with HBV and HCV infections, as well as in hepatic fibrosis, which are also changes that are associated with the development of HCC [30] [31] [32] [33] . Therefore, it might be possible to hypothesize that chronic hepatitis, with upregulation of AKR1B10, could be associated with the development of early-stage or well-differentiated HCC. These findings, together with those of previous studies, indicate that the expression of ARK1B10 during early-stage HCC support its potential role as a biomarker for early-stage HCC, particularly when compared to the use of serum AFP levels.
This study had several limitations. In this study, serum levels of AKR1B10 were not measured or compared with the grade and stage of HCC in the patients studied. This study was performed in a single center in China, with a small study population. Therefore, future prospective studies are recommended that include analysis of larger study populations from multiple centers to further analyze the association between serum levels of AKR1B10 and HCC. Also, because the expression of AKR1B10 has been previously reported in several liver diseases and is not exclusive to HCC, further studies are required to characterize the specific role of AKR1B10 in HCC.
Conclusions
An immunohistochemical study showed that tissue expression of AKR1B10 in HCC tissues was increased in a stage-dependent manner and could be a potential biomarker for diagnosing early-stage HCC.
